Objective: To assess the incidence and predictive factors of benign renal lesions in surgical specimens obtained at our institution. Methods: We carried out a retrospective assessment of 96 renal nodules, diagnosed by dynamic multi-detector row helical computed tomography, and resected by either radical or partial nephrectomy between January 2004 and November 2011. The incidence of benign lesions in 1-cm increments of diameter was determined and the predictive factors for these lesions were then evaluated. Results: Of the 96 nodules, histology confirmed that 13 (13.5%) were benign. The incidence of benign lesions was 25.0% for nodules <1 cm, 23.8% for nodules 1-1.9 cm, 11.5% for nodules 2-2.9 cm, 7.7% for nodules 3-3.9 cm, and 7.1% for nodules ≥4 cm. Multivariate analysis showed that younger age (<60 years; odds ratio [OR] = 5.23), female gender (OR = 4.78), and smaller nodule size (<3 cm; OR = 6.14) were significant predictive factors for benign lesions. Conclusions: The incidence of benign lesions in this study (13.5% of total cases) was relatively low compared with recent studies from Western countries that reported an incidence of 15-20%. Significant predictive factors for benign lesions included younger age, female gender, and smaller tumor size.
Introduction
Reports from Western countries have shown that 15-20% of small renal nodules are benign [1] [2] [3] . In contrast, recent studies on Japanese cases have reported lower incidences of benign tumors in small resected renal masses [4, 5] .
These results indicate that the prevalence of benign lesions may differ depending on several factors, including ethnic background, the method used for radiological evaluation, and the incidence of specific types of benign tumors, such as oncocytomas or angiomyolipomas.
It is possible that the incidence of benign tumors can be markedly affected by radiological instruments and the diagnostic steps used at each institution. In addition, dynamic imaging using multi-detector row helical computed tomography (CT) is common and indispensable for evaluating renal nodules [6, 7] . In order to devise management strategies, it is therefore crucial to determine the incidence of benign tumors in suspicious renal masses detected by new standard imaging technology.
The current retrospective study was designed to provide new information on clinical management of suspicious renal nodules, and also to prepare local databases of preoperative factors that predicted the probability of benign lesions.
In this paper, we describe the incidence and predictive factors of benign renal nodular lesions obtained by surgical resection. 
Patients and Method
Study Design This retrospective study was undertaken at one independent institution, with informed consent being obtained from each patient. Ninety-six consecutive patients with 96 renal masses were enrolled in the study. The patients underwent either a radical or partial nephrectomy because of preoperative suspicion of renal cell carcinoma (RCC) between January 2004 and November 2011.
The radiographic appearance of the renal mass was initially evaluated by ultrasonography and dynamic multi-detector row helical CT. If a preoperative diagnosis could not be established using this radiological approach, dynamic magnetic resonance imaging (MRI) was carried out to provide further details. Dynamic studies were used to obtain detailed images of the degree of enhancement and wash-out. The scans recorded 3 phases following a bolus infusion of contrast material at a rate of 3 ml/s. For dynamic MRI, the 3 phases were obtained following a bolus infusion of gadolium chelate at a rate of 0.1 mmol/kg. The administration rate was 100% for cases investigated by ultrasonography and dynamic CT and 49% for cases investigated by dynamic MRI.
Surgery was performed for preoperative suspicion of RCC based on the following criteria: 1) Solid enhanced masses (increase of 10 Hounsfield units within the renal lesion); 2) Masses without intra-tumor fat in order to exclude angiomyolipomas; 3) Complicated renal cysts of type III or IV (Bosniak classification [8]) detected by radiological imaging.
Exclusion criteria included a genetic predisposition for von Hippel-Lindau disease or Birt-Hogg-Dube syndrome, a tumor biopsy, primary urothelial cell carcinoma, metastatic tumors, or tuberous sclerosis. Four cases were excluded.
Surgical procedures were not carried out when the tumors were diagnosed preoperatively as benign, based on radiological evaluation. These cases were followed-up under close radiological examination for at least 1 year. Cases without radiological evidence of alterations in size and enhancement were diagnosed as clinically benign. In addition, since all the big tumors (> 4 cm) in this study were suspected to be angiomyolipomas with fat components, estimation of alteration in size and enhancement might be enough to diagnose benign histology in the follow-up protocol.
The specimens resected by partial or radical nephrectomy were assessed using pathological measurements to determine the largest diameter (cm) and the pathological subtype was estimated using the 2004 WHO classification.
Standard staining with Hale's colloidal iron was carried out in order to distinguish between oncocytomas and chromophobe RCCs.
Statistical Analysis
The Chi-square test was used to compare variations in categorical variables. Logistic univariate and multivariate regression models were used to analyze the relationships between the incidence of benign lesions and other factors. A p-value < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS version 15 (SPSS, Chicago, IL, USA).
Results
Between January 2004 and November 2011, 96 consecutive patients with 96 suspicious renal masses underwent radical or partial nephrectomy at our institution. The background of the patients and characteristics of the tumors are summarized in table 1. The mean age of the patient group was 59.8 years (range 30-81 years), and mean maximum nodule diameter was 3.7 cm (range 0.9-20.0 cm). Open partial nephrectomy was performed in 9 (9.4%) cases and open radical nephrectomy in 87 (90.6%) cases. The incidence of benign lesions was 13.5% in all cases.
Soga/Ogura/Hayashi Histological examination confirmed a total of 13 (13.5%) benign lesions, consisting of 6 (6.2%) oncocytomas, 5 (5.2%) angiomyolipomas, 1 (1.0%) solitary fibrous tumor, and 1 (1.0%) schwannoma. In contrast, RCC was diagnosed in 83 cases (86.4%), consisting of 75 cases (78.1%) of clear cell RCC, 2 cases (2.1%) of papillary RCC, 2 cases (2.1%) of cystic RCC, 4 cases (4.2%) of unclassified RCC, and no cases (0%) of chromophobe RCC.
To clarify the incidence of benign lesions according to nodule size, we categorized nodules by 1-cm increments in diameter (table 2). The incidence of benign lesions was 25.0% for nodules <1 cm, 23.8% for nodules 1-1.9 cm, 11.5% for nodules 2-2.9 cm, 7.7% for nodules 3-3.9 cm, and 7.1% for nodules ≥ 4 cm.
The data were analyzed using a logistic regression model with age, gender, nodule size, and imaging type as variables (table 3) . Univariate analyses showed that younger age (< 60 years), female gender, and smaller nodule size (< 3 cm) were significant risk factors for benign lesions. Multivariate analysis confirmed that younger age (< 60 years) (odds ratio [OR] = 5.23), female gender (OR = 4.78) and smaller nodule size (< 3 cm) (OR = 6.14) were independent determinants of risk for a benign lesion.
The actual incidence of benign lesions in cases with two risk factors was 33.3% (6/18) for young females, 31.8% (7/22) for younger age with small nodule size, and 33.3% (7/21) for females with a small nodule size. The incidence of cases with triple risk factors was extremely high at 50% (4/8).
Discussion
This study determined the incidence of benign renal nodules obtained by surgery in Japanese patients with a suspicious mass detected by preoperative radiology. The incidence of benign lesions (13.5% of total cases) was relatively low compared with recent reports from Western countries [1] [2] [3] .
The rate of benign lesions after either radical or partial nephrectomy in our study (13.5% of total cases, 24.1% for nodules < 2 cm and 7.7% for nodules between 2 and 4 cm) was similar to that reported by Fujii et al. (10.58% of total cases, 12.4% for nodules < 2 cm and 8.9% for nodules between 2 and 4 cm ) [4], but lower than the incidence for nodules < 2 cm, and marginally higher than in our previous study of Japanese patients (4.4% of total cases, 16.2% for nodules < 2 cm and 4.8% of nodules between 2 and 4 cm) [5] . The current study evaluated the reasons for these differences.
As a first possibility, we examined the distribution of different types of benign nodules and found that the incidence of oncocytoma was markedly different in the current study (6 cases, 6.2% of total cases) than in our previous report (4 cases, 1.0% of total cases) [5] . Because CT imaging of oncocytoma is similar to RCC [9], a high incidence of oncocytoma may directly increase the incidence of benign lesions, without predicting oncocytoma preoperatively.
Another possibility is that there are other options for treating suspicious renal masses, including ablation. We previously reported that radio frequency ablation (RFA) was suitable as an optimal ordinary option for small renal nodules [10] . However in the current report, ordinary treatment options also included active surveillance, partial nephrectomy, and radical nephrectomy, but did not include ablation. It is possible this may have affected decisions regarding renal nodules, especially whether or not surgical treatment was necessary. In high volume centers using ablation, small nodules with a slightly high risk of co-morbidities are considered as suitable for ablation rather than surgery. In contrast, at centers carrying out a low volume of ablations, cases in which there is any suspicion of a renal nodule and a slight risk of co-morbidities are selected for surgery or active surveillance, rather than ablation. Kunkle et al. [11] also reported that 37.8% of cases received RFA without a renal biopsy, and that 33.5% of cases had an unknown or indeterminate pathology. Their study showed that the pathological findings of over 30% of the cases with RFA were uncertain, while another study showed only a small number of cases received RFA in combination with a renal biopsy [10] .
We therefore suspect that the majority of cases in each institution who have RFA without a definite pathological result may affect the background for selecting surgical candidates, thereby contributing to the incidence of benign renal nodules treated by surgery, especially small nodules.
In order to devise treatment strategies it is essential to identify predictive factors which can be estimated in the preoperative stage. In this study we demonstrated that significant predictive factors that prognosticated the presence of benign renal nodules include younger age (< 60 years old), female gender, and smaller tumor size (< 3 cm). We also examined the predictive factors for renal benign nodules with suspicious RCC reported in several studies [1-3, 5, 12] (table 4). The incidence of benign lesions in all cases ranged between 4.4 and 21.5%, with the current study having the second lowest incidence in the summary. All the reports suggested that female gender was a predictor for the presence of benign nodules, while smaller size was also a factor in 4 of the 6 reports.
The question of how to deal with predictive factors in devising a treatment strategy for small renal nodule needs to be addressed. We analyzed the actual number of benign incidents in our cases according to the number of predictive factors. The incidence of benign lesions was 31.8-33.3% in cases with 2 risk factors and 50% (4/8) in cases with 3¬¬ factors. This finding indicates that it is possible to identify candidates with a higher risk for a benign pathological finding, and that these cases should be considered as suitable candidates for a preoperative biopsy of the renal nodule or active surveillance. This treatment strategy would also assist in making decisions on future treatment options [13] [14] [15] . Future prospective studies should therefore assess whether a preoperative renal biopsy or active surveillance in cases with a high risk of benign pathological findings decreases the incidence of indications for surgery for benign renal nodules.
Our study had the limitation of being a retrospective investigation in a small cohort of patients. However, determining the actual incidence of benign nodules among renal nodules obtained by surgery, based on recent preoperative radiological evaluations at each institution is crucial for effective management of these lesions. Our findings suggest that ordinary treatment options affect the choice of surgical candidates and contribute to differences in the incidence of benign nodules being diagnosed.
Conclusions
The incidence of benign renal nodules (13.5% of total cases) in this study is lower than that reported in recent studies in Western countries. Significant predictive factors for benign renal nodules include younger age (< 60 years), female gender, and small tumor size (< 3 cm). We consider that these 3 factors should be used as predictors of benign renal nodules.
